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Background: Recent studies have demonstrated that kokumi substances, which enhance basic tastes and modify
mouthfulness and continuity although they have no taste themselves, are perceived through the calcium-sensing
receptor (CaSR). Screening by a CaSR assay and sensory evaluation have shown that γ-glutamyl-valyl-glycine
(γ-Glu-Val-Gly) is a potent kokumi peptide. In our previous study, it was reported that the addition of γ-Glu-Val-Gly
to chicken consommé significantly enhanced mouthfulness, continuity and thickness. In this study, the effect of
γ-Glu-Val-Gly on reduced-fat peanut butter was investigated.
Results: Prior to the evaluation of the effect of γ-Glu-Val-Gly, a comparison test was conducted between full-fat
model peanut butter and reduced-fat peanut butter. The sensory attributes in which the score of the full-fat
model was significantly higher than that of the reduced-fat sample were used for the evaluation of the effect of
γ-Glu-Val-Gly. The addition of γ-Glu-Val-Gly significantly enhanced thick flavour, aftertaste, and oiliness in the
reduced-fat peanut butter.
Conclusions: A kokumi peptide, γ-Glu-Val-Gly, can enhance thick flavour, aftertaste and oiliness in reduced-fat
peanut butter. This suggests that addition of γ-Glu-Val-Gly can improve the flavour of low-fat foods.
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Recent studies have revealed that kokumi substances such
as glutathione (GSH) are perceived through the calcium-
sensing receptors (CaSRs) in humans [1]. These studies
have confirmed that GSH can activate human CaSRs, as can
several γ-glutamyl peptides, including γ-Glu-Ala, γ-Glu-Val,
γ-Glu-Cys, γ-Glu-α-aminobutyryl-Gly (ophthalmic acid)
and γ-Glu-Val-Gly. Furthermore, these compounds have
been shown to possess the characteristics of kokumi
substances, which modify the five basic tastes (especially
sweet, salty and umami) when added to basic taste solu-
tions or food, even though they have no taste themselves
at the concentrations tested [2-8]. The CaSR activity of
these γ-glutamyl peptides is positively correlated with the
sensory activity of kokumi substances, suggesting they are
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unless otherwise stated.γ-Glu-Val-Gly has been reported to be a potent kokumi
peptide with a sensory activity 12.8-fold greater than
that of GSH [3].
In our previous study, the effect of γ-Glu-Val-Gly on
the sensory characteristics of chicken consommé was in-
vestigated. Adding γ-Glu-Val-Gly to chicken consommé
significantly enhanced thickness (taste enhancement ~5 s
after tasting), continuity (taste intensity at 20 s after
tasting), and mouthfulness (the reinforcement of taste
sensation throughout the mouth and not just on the
tongue) [3]. It is generally known that these sensations
are evoked by the addition of fat-containing food ma-
terials such as dairy fat emulsion [9].
The problem of the increase in the obese population
has resulted in various kinds of reduced-fat foods being
developed and commercialised. However, in general, the
palatability of reduced-fat foods is lower than that of
full-fat foods. In previous studies, it has been demon-
strated that the reduced-fat samples have decreased juici-
ness, greasiness, aftertaste, and overall flavour intensity inral. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
Table 1 Result of the comparison test between low-fat
peanut butter and full-fat model peanut butter
Sensory attributes Score of full-fat model Significance
Peanut flavour 0.24 ± 0.05 **
Saltiness 0.04 ± 0.04 NS
Sweetness −0.03 ± 0.05 NS
Bitterness −0.10 ± 0.05 NS
Thick flavour 0.15 ± 0.06 *
Aftertaste 0.16 ± 0.04 **
Continuity of taste 0.14 ± 0.04 **
Smoothiness 0.10 ± 0.08 NS
Viscosity −0.01 ± 0.09 NS
Oiliness 0.23 ± 0.07 **
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yogurt [11]. In addition, it has been demonstrated that
the reduced-fat samples have lower scores in thickness,
smoothness, creaminess, mouth coating and milky/cooked
sugar flavour in ice cream [12] and have lower scores in
milk fat flavour and brothy flavour in cheddar cheese [13].
To overcome these problems, because reduced-fat foods
mainly lack texture, the use of thickeners such as gums,
starch and modified starch has been proposed. However,
the reduced-fat foods with such additives still have lower
palatability than full-fat foods.
In the present study, we aimed to clarify whether
addition of γ-Glu-Val-Gly changed the flavour by palat-
ability of reduced-fat foods. We investigated the effect of
γ-Glu-Val-Gly on reduced-fat peanut butter.Description of data: data was shown as means ± standard errors.
Abbreviation: NS not significant.
*p < 0.05; **p < 0.01.Results and discussion
In this study, first, the sensory attributes of peanut but-
ter were discussed and selected by expert panellists.
Then, panellists rated the differences between reduced-
and full-fat peanut butter to establish how increased fat
affected the sensory attributes of peanut butter. Finally,
the same evaluation was conducted comparing reduced-
fat peanut butter and that with kokumi peptide, γ-Glu-
Val-Gly.Sensory attributes
During the group discussion, panellists listed up the
words, selected the attributes and made a consensus of
the sensation which the attribute expressed. Finally, the
panellists developed ten attributes: peanut flavour, salti-
ness, sweetness, bitterness, thick flavour (thickness of
taste; the enhancement of taste intensity with main-
taining the balance of taste), aftertaste (the total after-
taste intensity after 5 s of all flavour notes within the
sample), continuity of taste (the taste intensity at ~20 s),
smoothness, and oiliness.Table 2 Effect of γ-Glu-Val-Gly on the low-fat peanut
butter
Sensory attributes Score of sample with
γ-Glu-Val-Gly
Significance
Peanut flavour 0.06 ± 0.05 NS
Thick flavour 0.13 ± 0.04 **
Aftertaste 0.14 ± 0.05 *
Continuity of taste 0.09 ± 0.05 NS
Oiliness 0.09 ± 0.04 *
Data was shown as means ± standard errors.
Abbreviation: NS not significant.
*p < 0.05; **p < 0.01.Comparison between reduced-fat sample and full-fat
model of peanut butter
Comparison between reduced-fat peanut butter and
full-fat model peanut butter is shown in Table 1. The
full-fat model peanut butter had higher scores for pea-
nut flavour, thick flavour, aftertaste, continuity of taste,
and oiliness than for low-fat peanut butter. No signifi-
cant difference in saltiness, sweetness, bitterness, smooth-
ness, and viscous sensation was observed between the
low-fat sample and full-fat model. We consider that the
fat enhanced the above sensory character in peanut butter.
In other words, we considered that peanut flavour, thick
flavour, aftertaste, continuity of taste, and oiliness were the
sensory functions of fat in peanut butter.Effect of addition of γ-Glu-Val-Gly in reduced-fat
peanut butter
To clarify the effect of γ-Glu-Val-Gly on the sensory
character of reduced-fat peanut butter, reduced-fat pea-
nut butter with 40 ppm γ-Glu-Val-Gly was evaluated for
the attributes, peanut flavour, thick flavour, aftertaste,
continuity of taste, and oiliness. The results of the sen-
sory evaluation are shown in Table 2. Addition of γ-Glu-
Val-Gly significantly enhanced the intensities of thick
flavour, aftertaste, and oiliness. These results demonstra-
ted that the addition of γ-Glu-Val-Gly increased some
sensations that were lacking in the reduced-fat peanut
butter, suggesting that addition of the peptide can be used
for flavour improvement in reduced-fat peanut butter.
The previous studies described that the several reduced-
fat foods and low-fat foods lacked the sensations related
to ‘thick flavour’, ‘aftertaste’ and ‘oiliness’. For example, it
has been previously reported that the low-fat sausage has
lower juiciness and aftertaste intensity [10] and that low-
fat yogurt has lower creaminess [11] than full-fat products.
In addition, it has been previously reported that reduced-
fat ice cream indicated lower scores of texture-related
attributes such as thickness, smoothness, creaminess,
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fore, it is considered that the addition of γ-Glu-Val-Gly
can be used to improve the flavour of other reduced-fat
foods. In order to clarify this possibility, it is necessary to
conduct a preference test using a consumer panel, and this
test is now in progress in our laboratory. The effect of
γ-Glu-Val-Gly on other reduced-fat foods is also now
under investigation in our laboratory.
Conclusions
In this study, the effect of a kokumi peptide, γ-Glu-Val-
Gly, on the flavour of reduced-fat peanut butter was
investigated. The results indicated that the addition of
γ-Glu-Val-Gly significantly enhanced the intensities of
thick flavour, aftertaste, and oiliness. These results demon-
strated that addition of γ-Glu-Val-Gly increased some sen-
sations that were lacking in the reduced-fat peanut butter,
suggesting that addition of the peptide could improve the
flavour of reduced-fat peanut butter.
Methods
Preparation of γ-Glu-Val-Gly
The γ-Glu-Val-Gly used in the present study was of food
additive grade (FEMA-GRAS No. 4709; Flavor and Ex-
tract Manufacturers Association (FEMA); JECFA food
flavouring No. 2123; Joint FAO/WHAO Expert Committee
on Food Additives (JECFA)) obtained from Ajinomoto Co.
Inc. (Tokyo, Japan) and was prepared by chemical synthe-
sis as reported previously [1].
Preparation of reduced-fat peanut butter and full-fat
peanut butter model
The raw materials for reduced-fat peanut butter (30% fat
content) and full-fat peanut butter model (50% fat con-
tent) are shown in Table 3. Regarding the preparation of
the reduced-fat peanut butter, the emulsifiers were mixed
with peanut paste in an aluminium pot at 30°C with later
addition of cream by stirring. Sugar and salt solubilised inTable 3 Raw materials for the low-fat peanut butter and





Peanut paste 55.0 55.0
Salad oil 0.0 21.0
Salt 1.0 1.0
Sugar (granulated) 6.2 6.2
Cream 5.0 5.0
Emulsifier (sugar-ester; HLB:15) 2.0 0.5
Emulsifier (glyceryl monostearate; HLB:4) 0.0 2.0
Xantan gum 0.0 0.5
Water 30.8 8.8water were added, stirred, and heated at 40°C for 5 min.
Regarding the preparation of the full-fat model peanut
butter, the emulsifiers were mixed with peanut paste and
salad oil in an aluminium pot at 30°C with later addition
of cream by stirring. Sugar and salt solubilised in water
were added, stirred, and heated at 40°C for 5 min. As for
the reduced-fat peanut butter with γ-Glu-Val-Gly, γ-Glu-
Val-Gly was added by dissolving in water with sugar and
salt. Prepared peanut butter samples were packed in glass
bottles and stored at 4°C until sensory evaluation.
Selection of the sensory panel
In this study, 29 panellists (17 men and 12 women; 28.8 ±
5.0 years old, mean ± standard deviation) participated in
the sensory evaluation. All panellists were the employees
of Ajinomoto Shanghai Food Research and Technology
Center and were working on the development of foods.
They were Chinese and were residents of Shanghai city. In
addition, all of them passed the sensory panel examination
conducted using a previously described method [14]. For
the comparison between the reduced-fat peanut butter
and full-fat model, 20 panellists (9 men and 11 women;
27.6 ± 3.6 years old, mean ± standard deviation) partici-
pated in the sensory evaluation. For the investigation of
the effect of γ-Glu-Val-Gly, 19 panellists (13 men and 6
women; 29.9 ± 5.3 years old, mean ± standard deviation)
participated in the evaluation.
Selection of the sensory attributes
Panellists evaluated samples of the reduced-fat peanut
butter and full-fat peanut butter model. A panel leader
led the group in discussion on the differences and simi-
larities between the samples. They developed a list of
sensory attributes that described the sensory characteris-
tics of the products. The panellists developed ten at-
tributes: peanut flavour, saltiness, sweetness, bitterness,
thick flavour, aftertaste, continuity of taste, smoothness,
viscosity and oiliness. The panellists practiced rating the
samples on the list so that they were prepared to begin
data collection.
Procedure for sensory evaluation
The sensory evaluation was conducted between 10:00 am
and 11:30 am in the partitioned booth at 25°C in an air-
conditioned sensory evaluation room. For evaluation of
the peanut butter samples, 10 g of the sample was spread
on one piece of bread (10 g), which was cut into four
pieces. The panellists held each piece of bread with pea-
nut butter in the mouth, evaluated the taste, and rated
each attribute. They rinsed their mouths with commercial
mineral water between the samples. They completed the
rating for each attribute on a three-point linear scale; −1.0:
apparently weaker than the control; 0: same as the con-
trol; and 1.0: apparently stronger than the control. For
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model, half of the panellists evaluated the full-fat model
using a reduced-fat sample as the control and the other
half evaluated the reduced-fat sample using a full-fat mo-
del as the control. Combination of the samples was ran-
domised and balanced. Human sensory analyses were
conducted following the spirit of the Helsinki Declaration,
and informed consent was obtained from all panellists.
The experimental procedure was approved by the Ethics
Board of the Institute of Food Sciences and Technologies,
Ajinomoto.
Statistical analysis
Statistical analysis was conducted using JMP version 9.0
(SAS Institute, Cary, NC, USA). The data were collected
as the means ± standard error. Data were assessed by the
paired t-test. The data were considered to be significant
at p < 0.05.
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